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The salivary gland has long been recognized as an important target organ for cytomegalovirus replication
in the infected host. A viral gene, denoted sggl, plays an important role for replication in the salivary gland even

though it is dispensable for growth in other organs or in cultured cells. The nucleotide sequence of this gene

and ofcDNA clones representing two spliced transcripts (1.5 and 1.8 kb in size) has been determined. The more
abundant 1.5-kb transcript contains a 312-amino-acid (aa) open reading frame (ORF) and encodes the
corresponding 37-kDa protein (Sggl) when expressed in transfected COS-7 cells. The 1.8-kb transcript
initiates upstream of the 1.5-kb transcript and contains a 108-aa ORF in addition to the 312-aa ORF. This
longer cDNA also encodes the 37-kDa protein Sggl, although at lower abundance than the 1.5-kb cDNA. Sggl
localizes to the cytoplasm of COS-7 cells, which is consistent with the predicted structural characteristics of
the 312-aa ORF: a type 1 integral membrane protein. During viral infection, expression of both sggl transcripts
is highest at early times (8 to 12 h) after infection; only the 1.5-kb transcript is present, at low levels, late in
infection. A recombinant virus, RM868, carrying a lacZ-gpt insertion within sggl, fails to express Sggl protein
and exhibits reduced growth in the salivary gland. RM868 retains the capacity to disseminate in the infected
mouse and to enter serous acinar cells, although it fails to replicate efficiently in this cell type. These results
suggest that sggl is critical for high levels of viral replication in the salivary gland.

Cytomegalovirus (CMV) is an important human pathogen in
utero and in immunocompromised individuals. Human CMV
causes only a mild febrile illness in immunocompetent individ-
uals; however, infection of an immunocompromised host, such
as a developing fetus, a transplant recipient, or an individual
with AIDS, may result in severe, life-threatening illness (1, 17).
Human CMV and related CMVs that infect other animal
species (35) are all highly species specific, yet their genome
organization and replication characteristics are similar (17,
32). These similarities have led to the study of animal viruses
such as murine CMV as models of human CMV (18, 20, 33). A
key feature of all herpesviruses is the ability to replicate
persistently and establish latency in specific cell types in the
host. For CMVs, epithelial cells in the salivary glands and
kidneys and mononuclear cells in blood have been implicated
as sites of replication and latency. Because the mouse is its
natural host, viral determinants of tissue tropism can be
identified and studied with murine CMV. Procedures for
construction of recombinant viruses carrying specific mutations
have fostered the identification of such determinants (23, 24,
44, 47).
CMVs have a well-established tropism for the salivary gland

(8, 40, 41). Virus produced there and shed in saliva serves as an
important source for transmission (36). The mouse has three
major sets of salivary glands-the submaxillary, parotid, and
sublingual-located in the subcutaneous tissues of the neck
(10, 39). Submaxillary glands, the largest of the three and the
principal site of murine CMV replication, are composed of
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three major epithelial cell types: serous acinar, mucous acinar,
and ductal. Murine CMV replicates predominantly in serous
acinar epithelial cells (14, 26, 31), in contrast to human CMV,
which replicates in the ductal epithelium (17) of the salivary
glands. Murine CMV produced in the serous acinar cells is
more highly virulent than cell-culture-passaged virus. Just one
passage of cell-culture-propagated virus through the mouse,
however, restores virulence (19, 34). After any inoculation
route and with either cell-culture-propagated or mouse-pas-
saged virus, the highest titers of virus are consistently found in
the submaxillary salivary gland.
Manning et al. (24) previously described a recombinant

murine CMV, RQ401, carrying a mutation in a gene that was
denoted sggl. The sggl gene is located adjacent to the ie2 gene
(29), within the HindIII J fragment. sggl is dispensable for
growth in cultured cells as well as for growth in the spleen and
liver of an infected mouse; however, sggl mutants replicate
poorly in the salivary gland of the mouse, with peak titers
reduced by 3 to 4 orders of magnitude. The spontaneous
mutation originally mapped in sggl mutant RM427 and its
derivative RQ401 disrupted expression of two overlapping 1B
transcripts: a major 1.5-kb species and a minor 1.8-kb species
(24). The mutation was rescued in recombinant virus RQ427,
restoring expression of the two sggl transcripts and recovering
the ability of the virus to replicate to high levels in the salivary
gland. The mutation causing this phenotype was identified as a
323-bp deletion, which removed a predicted polyadenylation
signal shared by both transcripts.

Here, we report the nucleotide sequence of the sggl region.
We examine the RNA expression kinetics and determine the
start sites of transcription for both the 1.5- and 1.8-kb tran-
scripts. We identify the principal gene product of sggl and
determine its subcellular localization. We describe an addi-
tional sggl-deficient virus, RM868, and show the structure of
this virus and its growth phenotype in the mouse. Finally, we
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TABLE 1. Plasmid constructs used in this study

Plasmid Source Cloningfragment/plasmid vector/plasmid

pON450 XhoI-SnaBI/pON446 SalI-SmaI/pGEM2
pON451 StuI-XhoI/pON446 SalI-SmaI/pGEM2
pON452 StuI-SnaBI/pON446 SmaI/pGEM2
pON457 ClaI-XhoI/pON446 ClaI-XhoI/Bluescript KS-
pON478 EcoRI-StuIIpON446 EcoRI-SmaI/pGEM3Zf+
pON482 XhoI-SnaBI/pON446 SalI-SmaI/pGEM3Zf+
pON483 XhoI-StuIIpON446 SalI-SmaI/pGEM3Zf-
pON487 ClaI-EcoRIIpON459 AccI-EcoRI/pGEM3Zf-
pON4000 ClaI-NaeI/pON446 AccI-SmaI/pGEM3Zf+
pON4001 NaeI-ClaI/pON446 SmaI-AccI/pGEM3Zf+
pON4003 ClaI-NaeI/pON446 AccI-SmaIIpGEM3Zf+
pON4005 EcoRI-StuIIpON446 EcoRI-SmaI/pGEM3Zf-
pON4010 SacII-ClaIIpON459 SacIl-ClaI/Bluescript KS'
pON4011 SacII-ClaI/pON459 SacIl-ClaI/Bluescript SK+
pON4012 StuI-SacII/pON459 Smal-SaclI/Bluescript SK+
pON4013 StuI-SacIIIpON459 Smal-Sacll/Bluescript KS'

investigate the nature of the inhibition of growth in salivary
glands exhibited by RM868 by using histochemical staining.

MATERIALS AND METHODS

Cells and viruses. Wild-type strains K181 (from M. Colin
Jordan) and Smith (ATCC VR-194) and recombinant viruses
RQ401, RQ427 (24), RM461 (44), and RM868 (47) were

grown on NIH 3T3 fibroblast cells (ATCC CRL1658) in
Dulbecco's modified Eagle's medium (GIBCO-Life Technol-
ogies, Bethesda, Md.) supplemented with 10% NuSerum (Col-
laborative Research, Waltham, Mass.) (42, 44). K181+ is a

plaque-purified virus derived from K181 (44). COS-7 cells
(obtained from DNAX Research Institute, Palo Alto, Calif.)
used for transient expression assays were grown under the
same conditions.
Recombinant plasmids. Plasmid cloning was by standard

methods (37). Vectors pGEM3Zf+ and pGEM3Zf- (Pro-
mega, Madison, Wis.) and Bluescript SK+ and Bluescript KS'
(Stratagene, La Jolla, Calif.) were used for single-stranded
DNA sequence determination, and pGEM2 (Promega) was
also used for double-stranded sequence determination. All
restriction enzymes were purchased from New England Bio-
labs (Beverly, Mass.) and used with buffer supplied by the
manufacturer. The plasmids that were constructed for DNA
sequence analysis are depicted in Table 1.

In addition to the plasmids shown in Table 1, we used the
following plasmids as previously described (24). pON446 car-
ries an EcoRI-HindIII fragment from K181 DNA, pON455
carries an MscI-ClaI fragment from pON446 inserted into
HincII-AccI-digested pGEM2, pON484 and pON456 carry a
ClaI-XhoI fragment of pON446 cloned into ClaI-XhoI of
Bluescript KS' and KS-, pON486 carries an MscI-XhoI
fragment from the pON446 fragment inserted into SmaI-Sall-
digested pGEM3Zf-, pON477 and pON481 carry an MscI-
HindIII fragment from pON446 cloned into HincII-HindIII
pGEM3Zf+ and pGEMZf-, pON4002 carries a NaeI-ClaI
fragment from pON446 cloned into SmaI-AccI-digested
pGEM3Zf-, and pON4004 carries a HindIII-ClaI fragment
from pON446 cloned into HindIII-AccI-digested pGEM3Zf+.
pON459, an EcoRI-BamHI genomic fragment from pON449
(HindIII J), was inserted into pUC9 (22). pON868 carries an
insertion of a lacZ-gpt cassette in a Sau3A site located within a

740-bp ClaI fragment in the sggl gene (47).

Nucleotide sequence analysis. Single-stranded DNA was
prepared according to a Promega protocol (35a), except that
RNase (Boehringer Mannheim, Indianapolis, Ind.) was added
to supernatant phage after harvesting and samples were incu-
bated at 37°C for 30 min. T7, T3, and SP6 promoter primers
(Promega) or synthesized 15-bp oligonucleotides were an-
nealed to single-stranded or denatured double-stranded tem-
plate. All synthesized oligonucleotides were prepared on a
model 391 DNA/RNA synthesizer (Applied Biosystems, Fos-
ter City, Calif.). The following oligonucleotides were prepared
as primers for sequence determination: 4011-3', 5'GGTTGA
TATCTACTC3'; 4010-5', 5'CAGACGAGCAGCTCCC3';
4011-5', 5'GGGAGCTGCTCGTCTG3'; 4013, 5'CACCACT
CGATGTAG3'; 4012, 5'CTACATCGAGTGGTG3'; 4013-2,
5'GATGATCAGATCGATC3'; 4012-2, 5'GTTGGTCGGAG
CCGA3; 4012-3, 5'GACCGCGACCGTTCG3'; and 4013-3,
5'CCACCGACCATCTAC3'. Sequenase version 2.0 (U.S.
Biochemical Corp., Cleveland, Ohio) was used according to
the manufacturer's protocol. Samples were separated on 8%
polyacrylamide-urea gels as described previously (37). [35S]
dATP-labeled DNA was detected on radiographic X-Omat
film (Kodak, Rochester, N.Y.). Determination of the DNA
sequence of pON868 was performed with the finol DNA
sequencing system (Promega) with sgg580f primer (5'ACGGT
GGAGACCGTCAATCA3') according to the manufacturer's
protocol. DNA sequence analysis was performed with the
Wisconsin Genetics Computer Group package of programs
run on a Sun Sparc workstation.
RNA preparation and RNA blot analysis. Whole-cell RNA

was harvested from NIH 3T3 cells infected with murine CMV
K181+ or K181 virus by the guanidinium isothiocyanate pro-
cedure (5, 11). Five to 10 ,ug of RNA was separated on a 1%
agarose-6% formaldehyde gel, transferred to either nitrocel-
lulose (Schleicher & Schuell, Keene, N.H.) or GeneScreen
Plus (NEN Research, Boston, Mass.), and hybridized as de-
scribed previously (11, 16).
cDNA library construction. Whole-cell RNA was harvested

at 8 h postinfection (hpi) as described above, and 50 ,ug of
poly(A) RNA was isolated with oligo(dT)-cellulose (Collabo-
rative Research, Bedford, Mass.). A cDNA library was pre-
pared with a cDNA synthesis kit (Pharmacia LKB, Piscataway,
N.J.), according to the manufacturer's protocol. After synthe-
sis, cDNAs were ligated to BstXI adapters (Invitrogen, San
Diego, Calif.) and size fractioned over a Sephacryl S-400
column (Pharmacia) to exclude free adapters. cDNAs were
then cloned into an expression vector, pME18S (25), derived
from pCD-SRa (45). The resulting library was transformed
into Escherichia coli MC161/WM1100 (Bio-Rad Laboratories,
Richmond, Calif.). Bacterial stock titers were determined, and
bacteria were plated onto large petri dishes (150-mm diame-
ter) at a concentration of 103 colonies per plate. After growth,
the colonies were transferred to nitrocellulose and bacteria
were lysed in 10% sodium dodecyl sulfate (SDS). DNA was
denatured in 0.5 M NaOH-1.5 M NaCl solution and neutral-
ized in 0.5 M Tris-Cl (pH 8.0)-1.5 M NaCl buffer. DNA was
then UV cross-linked to the nitrocellulose by UV Stratalinker
1800 (Stratagene; 0.12 J/cm2) for 2 min and hybridized at 650C
in hybridization solution (6x SSC [1 x SSC is 0.15 M NaCl plus
0.015 M sodium citrate], lx Denhardt's solution, and 100 mg
of salmon sperm DNA per ml) overnight. The cDNA library
was probed with [ot-3 P]dCTP-labeled random hexamer-
primed (Pharmacia) fragments as described previously (37).
The library was screened with a 592-bp ClaI fragment from
pON446 that detects both the 1.5-kb cDNA and the 1.8-kb
cDNA and a 383-bp SacII-Clal fragment from pON459 that
was specific to the 1.8-kb cDNA. The resulting cDNAs ob-
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tained from library screening were named pON4014 (1.5-kb
cDNA), pON4019 (1.5-kb cDNA in reverse orientation), and
pON4015 (1.8-kb cDNA).
Animals and antibodies. Five-week-old female CD-1 mice

were purchased from Charles River (Wilmington, Mass.) and
inoculated intraperitoneally (i.p.) with 106 PFU of tissue-
culture-propagated murine CMV (Smith strain). Three-week-
old male BALB/c.ByJ mice were purchased from Jackson
Laboratories (Bar Harbor, Maine) and were inoculated i.p.
with 106 PFU of tissue-culture-propagated murine CMV
(K181+, Smith, or RQ4016). Mice were inoculated i.p. twice at
1-month intervals with 10 PFU. Blood was collected from the
tail vein, and sera were tested individually for reactivity to the
Sggl protein by immunoprecipitation.
Primer extension and RNase/S1 protection. A 35-bp oligo-

nucleotide primer was synthesized and denoted 970-936 (5'CA
GGTCAGCACGATGGTCTGAGCGGACACGGTCTC3').
This primer was [-y-32P]ATP end labeled with polynucleotide
kinase (New England Biolabs) and hybridized with 10 ,ug of
whole-cell RNA (from K181+-infected NIH 3T3 cells) for 10
min at 25°C. Reverse transcription of this RNA was performed
with deoxynucleoside triphosphates (Pharmacia) at a concen-
tration of 1 mM (each), 1 U of RNasin (Promega), 200 U of
SuperScript RNase H reverse transcriptase (GIBCO BRL,
Gaithersburg, Md.), and 1 ml of 0.1 M dithiothreitol (GIBCO)
at 44°C for 90 min, followed by treatment with RNase (Boehr-
inger Mannheim) for 30 min at 37°C. Primer extension samples
were electrophoretically separated on an 8% polyacrylamide-
urea gel.
A 228-bp probe was generated for Si nuclease analysis by

digesting pON459 with EcoRI and dephosphorylating and
labeling the 5' end with [_y-32P]ATP by using polynucleotide
kinase. The DNA was then digested with ClaI, and the
resulting fragment was purified, denatured, and added to 50 p,g
of whole-cell RNA harvested from K181+-infected or mock-
infected cells. The mixture was heated for 15 min, hybridized
overnight at 58°C, and digested with 300 U of Si nuclease
(GIBCO BRL). The products were extracted with phenol-
chloroform, ethanol precipitated, and resolved by electro-
phoresis on an 8% polyacrylamide gel containing 7 M urea and
visualized by autoradiography.

Transient transfection assay. Three micrograms of plasmid
DNA was transfected into 3 x 105 COS-7 cells by a calcium
phosphate method as previously described (4), except that the
incubation of the cells with the calcium phosphate-DNA
mixture was in a 5% CO2 incubator. Cells were allowed to
recover for 24 h, and immunoprecipitation was performed.

Immunofluorescence. COS-7 cells were seeded into cham-
ber slides (Labtek, NUNC, Inc., Naperville, Ill.) and trans-
fected with either pON4014 or pON4015, the 1.5- or 1.8-kb
cDNA. At 32 h posttransfection, the cells were washed with
cold phosphate-buffered saline (PBS) and fixed with acetone-
methanol in a 50:50 ratio. Slides were preincubated for 10 min
with PBS containing 1% fetal bovine serum at 25°C. Mouse
anti-K181+ or anti-RQ401 antiserum was added to fixed cells
at various dilutions (1:50 to 1:250) in PBS-1% fetal bovine
serum and incubated for 1 h at 25°C. Slides were washed with
the PBS-1% fetal bovine serum mixture, and goat anti-mouse
immunoglobulin G fluorescein isothiocyanate conjugate (Cap-
pel, West Chester, Pa.) was added at a dilution of 1:80 in
PBS-1% fetal bovine serum. Slides were then incubated for 1
h at 25°C, in the dark, in a humidifying chamber. Samples were
examined with a Zeiss epifluorescence microscope.

Immunoprecipitation. NIH 3T3 cells were infected with
K181+ or RQ401 or left uninfected (mock). Cells were incu-
bated in methionine-free medium (Irvine Scientific) for 1 h at

7 hpi, and then [35S]methionine (specific activity, 1,054 Ci/
mmol; Amersham) was added at 50 ,uCi/ml for 2 h at 8 hpi.
Cells were washed three times with PBS, resuspended in lysis
buffer (10 mM Tris-Cl [pH 7.4], 1 mM EDTA, 150 mM NaCl,
0.5% [wt/vol] sodium deoxycholate, 1% [vol/vol] Nonidet P-40)
containing 2,ug of aprotinin per ml (Sigma, St. Louis, Mo.) and
2 ,ug of leupeptin per ml (Boehringer Mannheim), and incu-
bated on ice for 10 min. To pellet debris, the suspension was
centrifuged at 18,000 x g in a tabletop microcentrifuge, and
then the supernatant was removed to a new tube. Mouse
antiserum to K181+ or Smith virus was added at a 1:250
dilution and incubated with supernatant for 1 h on ice. This
was followed by incubation with 30 ,ul of Pansorbin (Calbio-
chem, La Jolla, Calif.) for 1 h on ice, brief centrifugation, and
four washes in lysis buffer. Immunoprecipitated proteins were
separated on denaturing 12 or 15% polyacrylamide gels, and
labeled proteins were detected by autoradiography.
At 31 h after transfection, COS-7 cells were incubated in

methionine-free medium for 1 h, and then [35S]methionine was
added at 50 ,uCi/ml for 2 h. Cells were harvested and immu-
noprecipitation was performed as described above.

Generation of recombinant viruses. The construction of
RM868, a recombinant virus with a lacZ-gpt insertion within
the sggl gene, is described in reference 47. In brief, at 3 hpi
with murine CMV, NIH 3T3 cells were transfected by a
calcium phosphate method (4) with pON868, except that
incubation of the cells with calcium phosphate-DNA mixture
was in a 5% CO2 incubator. At 72 hpi, a virus stock was
prepared from this culture and used to infect fresh cells. At 3
hpi, the medium in this culture was replaced with medium
containing 12.5 ,ug of mycophenolic acid per ml and 150 ,ug of
xanthine per ml. At 72 hpi, virus was harvested, and after three
rounds of selection, recombinant virus was plaque purified as
previously described (23). RM461, a recombinant virus with a
lacZ insertion, has been described and characterized previ-
ously (44). For this virus, the lacZ gene under transcriptional
control of the human CMV immediate-early promoter-en-
hancer was inserted into the HindIII site between sggl and ie2.
Prior to purification, the pool of viruses was passaged through
mice, and salivary gland stocks were harvested at 14 days post-
infection (dpi). The salivary gland stocks were plaque purified
three times by selecting ,B-galactosidase-positive plaques.

Detection of RM868 in organs and salivary gland. For
titration of virus growth in organs, adult male BALB/c.ByJ
mice were inoculated i.p. with 106 PFU of tissue-culture-
propagated murine CMV (K181+ or RM868). Five animals
were inoculated with each virus. At 3 dpi, mice were sacrificed
by CO2 asphyxiation. Organs were harvested, weighed, and
sonicated as a 10% (wt/vol) tissue sonicate in Dulbecco's
modified Eagle's medium-autoclaved skim milk (50:50). Twen-
ty-five-day-old BALB/c mice were inoculated i.p. with 106 PFU
of tissue-culture-propagated K181+ or RM868. At 15 dpi, mice
were sacrificed by CO2 asphyxiation and all major salivary
glands were harvested. Glands were divided in two; one half
was used for titer determination, and the other half was frozen
for sectioning. Plaque assays were performed with serial
dilutions of a 10% suspension of each sonicated tissue. Cul-
tures were overlayed with 0.75% carboxymethylcellulose for 5
days, and plaques were observed after fixation in absolute
methanol by staining with Giemsa stain. The limit of viral
detection in these assays was 10 PFU/ml.

For in situ staining, salivary glands (harvested as described
above) were frozen in OCT (Miles, Elkart, Ind.) at - 135°C in
liquid N2. Salivary glands were sectioned with a model 5030
microtome (Bright Instrument Company, Ltd., Huntingdon,
England), and 5-,um sections were placed on glass slides and
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P Deletion in RQ401

1 .5-kb transcript
0 r DoM

1.8-kb transcript

B
ctgat agaccgt gaagat ttacaagaactgtgacggggat cgcAATAAAa tgt Ctt ttaccga cggcggcggcg tg Ct at t tct cgcgcacggtgt cgcg
tcgcagatcaccactaccgtctcgcagacgcgaggttacactaccqCaCgtaacaaaacCt acatcgagtgqtqcctttcgtacgaacgaaacggttcgc

OQ N L H R V V P F V R T K R F A

ttccctaaacgtaacgtggaacaggacgttgtacgacacagagatcctcttcgagacctcgtggactagattcacgacggagagatgcgtcgcacgcaag
S L N V T W N R T L Y D T E I L F E T S W T R F T T E R C V A R K

ttggtcggagccgaggacgccatgatacagatactcagatttgatcctgacgacaaaaatatggaagagttgcgtgtgaaatttgaggggaccataaacc
L V G A E D A M I Q I L R F D P D D K N M E E L R V X F E G T I N H

acgattcaacggggtcattcgtttcctacatcaacacacaatcaggtagatggLcggtggagaaggttatgaaggtagagatctcttttgtgtgtgaatt
D S T G S F V S Y I N T Q S G R W S V E K V M K V E I S F V C E L

gaaagtcagtgaggatgcagccagatacagctgcgagCctgaaggCtaCgggtggCtgaccaaaggatacttgacCgCgaCcgttcgtgtgaatggaagc
K V S E D A A R Y S C E P E G Y G W L T K G Y L T A T V R V N G S

gaacacagcatccacctaccagagccagggggcgcgtatatcgagtacgaacgggggagtttcctatcgggttacttaggacccggcgggccgctcgtca
E H S I H L P E P G G A Y I E Y E R G S F L S G Y L G P G G P L V T

ctgt cacagtgctgcaaccgtgtccaccgagggagat cgat ctga tca tcgaactgcacccgcgt tacaagctgt at cagagat ttgt aat tccggagcg
V T V L Q P C P P R E I D L I I E L H P R Y K L Y Q R F V I P E R

ccggggggAATAAAaacttcgcgatcctccggtgccgcggctcattgtcggacagaacagaactCtgtgagagaggggacaggagaatcgcggcgaggca
R G E 1.8 start L_

M 1
tggctattaacaccacagaatgtccctctccctctgagaccgtgtccgctcagaccatcgtgctgacctgcgccgccctgacttcggtgttgttggcggc

2 A I N T T E C P S P S E T V S A Q T I V L T C A A L T S V L L A A 34

cgctatattggtggtggcgatctccgcgctcgtgagacgctgccgacggCagCaaaCccCtCgCggCgaCgagCagCtcccgatcgaatgtagcgtctat
35 A I L V V A I S A L V R R C R R Q Q T P R G D E Q L P I E C S V Y 67

ttggtacagaacaacggggtggacgacgacgacatccccccggggtttctggqgcgccccgccgggtacgaagacatgagcccgcactccttcccgctgg
68 L V Q N N G V D D D D I P P G F L G R P A G Y E D M S P H S F P L D 101

acgagatttacgagagtatcgattgaacggctgttcgtgacgtcgactgccatccccCaaaCccggtgTATAAagagtagatatcaacCttCcgCatCta
102 E I Y E S I D * 1.5 start L_ 108

cacactttcgcacccgacaggaagaatgtcaccaccgctgctgttcacgatttctctctttttcgcgctgggggtccaggccgctcgcgggctatagcaat
1 M S P P L L F T I S L F F A L G S R P L A G Y S N 25

ttggcagtgtggtactccgattatgaaaacggaacctacagctgtgaattCgtattgCcgagaCccaacaacatgCcgCtgccgt ttaccaactgctacc
26 L A V W Y S D Y E N G T Y S C E F V L P R P N N M P L P F T N C Y L 59

ttcccgagaaaatcaaatcctcggcgacggtgacgccgaacggcacgatcttgcttcacgacaactacctgaccaccaagttggtggaggatagttcgac
60 P E K I K S S A T V T P N G T I L L H D N Y L T T K L V E D S S T 92

cggcaagcggcatcgccggctgtcgttcagagacccggagtttgagaaaCgtcacCcgtgtCtttactgcgagagaccgggCgattcgatggatatggag
93 G K R H R R L S F R D P E F E K R H Pi C L Y C E R P G D S M D M E 125

agatgtctgatgtgcaaggacacgacaatggcggtcttactaaaggatttacacacgcccaaacggcgcgatttt tcgcct atgttggtccgggccacgg
126 R IC L M C| K D T T M A V L L K D L H T P K R R D F S P M L V R A T V 159

tggagaccgtcaatcaccggccttatttcacgtgccggtttcgcgtaactccggacacccagaagatcgagacggcgtggttgaaCgaCgactgCacCtt
160 E T V N H R P Y F T C R F R V T P D T Q K I E T A W L N D D C T F 192

cggcgccaaaacgaakgatccgatcgaggcctgcgccaaaacggccagctacaagaaatcgatacgcgagggaagatacgtgaccatgagcgccaaggtg
193 G A K T K D P I E A C A K T A S Y K K S I R E G R Y V T M S A K V 225

aaacccggagacccgcgcacctgccgcgtgtgcctgctgaagacggacaacaagtacgtgctgatggcgcgtccatgcctgacggacaagcggcgccagg
226 K P G D P R T IC R V C L L K T D N K Y V L M A R P C L T D K R R Q E 259

aatacatccgaaacgtgcgcatcgtgcacgcgttggtgatcagcgtgtgggcggtcgcgatcgccctggtgggcttcgccgccgtgcgcctgctattaag
260 Y I R N V R I V H A L V I S V W A V A I A L V G F A A V R L L L S 292

cctggacagcgt cgcccggctggtgaaaaaaatgt tcgcggt acgtat actgccgtt accgt3taccgctggt3cgtggtgtggtt3cgccgccggcgacacg
293 L D S V A R L V K K M F A

gacgtgcgccgtgactgctggccgtggagagcgtcctgctctccgggctcgagctggggttcaaccatcgatccctgaacgcgtggaccgagacggggcc
caaatgaaactggcgctggagaggtagctcttccgagaaacggtcgggttccgagaagggctctctctctctgactaatcaccCcccggctctgacgtgt
gcccgtttttgtctttcaggctggatataggaggctatcttaagactatcgatgtgCtggtcggctcatctgacgcacgggaggtgagacagggaagaga

306 A G Y R R L S * 312

aaactcaggaccgtcgtacgccccgtgctgggaagttacaacgcgagggtggccaagatgaccgccgacctgtccgcct cqacacaacccgggaaaaagg
tgttgaatgctagagtattcatcagcgtgcaggatgacgtgtgacgatgaaggtgtcgttactgcctatgggaagctggagaccccacqgcctatgtata
tttatgtttttgcttaacgtttcactgattcacAATAAAatctcatctgaaatgggaacgctcctcgtqtgctgcctcgtctgttgcaugtcq;ttggtcg
tqtctaccgtcgcggacctccqcgagccatgttgcgc<cggcscaqc.qcac ccF ctcc(-qcF gtacacqqtaacac;aqcgccgaatacactaacaectt t

cqtgcqgncqagaqqtaqt tttcactacctt ,cCca.qqa,,.

FIG. 1. (A) Structure of the sggl gene. The top line represents a HindlIl map of the murine CMV K181+ genome (27) with the HindIlI J region
expanded below. Plasmids, pON446 and pON459, contain genomic DNA sequence (thick lines). The HindIII-StuI region is expanded with a restriction
map of the sggl region. Arrows below the line near the SacII and ClaI sites indicate the start sites of transcription. The sggl 1.5- and 1.8-kb spliced
transcripts are shown below the restriction map (thick arrows). ORFs are represented as open boxes beneath the transcripts. Hydrophobic sequences are
shown as hatched boxes within the ORFs. The deletion in RQ401 is indicated as an open box. The asterisk at MnlI indicates that the site is not unique.
(B) Nucleotide sequence of the sggl gene. The sequence from the StuI to the MnlI of the murine CMV K181 HindlIl J fragment is shown, along with
the deduced amino acid sequence of the three ORFs (>100 aa) found in the region. ORF 1 (219 aa) is located upstream of the sggl gene. The sggl gene
includes the second (108-aa) and third (312-aa) ORFs. Putative TATA boxes are denoted by uppercase letters, and putative polyadenylation sites are in
uppercase and are underlined. A putative TATA box (AATAA) for the 1.8-kb transcript is located 29 nucleotides upstream of the start site, and a TATA
box for the 1.5-kb transcript is located 19 nucleotides upstream of the start site. The transcription initiation sites for the 1.5-kb and 1.8-kb transcripts are
indicated by arrows below the sequence. Two potential N-linked glycosylation sites are underlined, and three CXXC motifs are boxed. The insertion site
of the lacZ-gpt cassette in RM868 is shown as an A in the codon of Lys-197 in the nucleotide sequence.
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FIG. 2. Start sites of the 1.5- and 1.8-kb transcripts. (A) S1 analysis
of the 5' end of the 1.5-kb transcript. Mock RNA or RNA collected at
8 hpi with K181 virus was hybridized to the 228-bp end-labeled
EcoRI-ClaI probe shown above the autoradiogram. The left set of
lanes show the S1 protection analysis and Maxam-Gilbert sequencing
reactions separated simultaneously on an 8% polyacrylamide-7 M
urea gel. The right set of lanes show the same probe alone and
hybridized with mock-infected or K181-infected RNA. The protected
bands are indicated by arrows to the right of both sets of lanes. (B)
Primer extension analysis of the 1.8-kb transcript. Nucleotide sequence
determined by the dideoxy method is shown starting at the putative
TATA box of the 1.8-kb transcript. Primer extension analysis samples
were separated simultaneously to the right of the sequence ladder on
an 8% polyacrylamide urea gel. With primer 970-936, a 140-bp band

allowed to air dry. Slides were fixed in 0.5% glutaraldehyde
(Baker, Phillipsburg, N.J.) solution in PBS containing 2 mM
MgCl2 for 15 min. The slides were washed in PBS-2 mM
MgCl2 and stained with 5-bromo-4-chloro-3-indolyl-,B-D-galac-
topyranoside (X-Gal; 250 jig/ml; Clontech, Palo Alto, Calif.) in
PBS-2 mM MgCl2-100 mM K3Fe(CN)6-100 mM K4Fe(CN)6
overnight, as described previously (15). After this step, slides
were stained with hematoxylin and eosin (Sigma).

Nucleotide sequence accession number. The accession num-
ber for the sggl sequence is L32187.

RESULTS

Structure of the sggl gene. To gain insights into the structure
and organization of the sggl gene and to map the 1.5- and
1.8-kb transcripts previously detected in the left portion of the
HindIII J fragment of the murine CMV genome (24), we
determined the nucleotide sequence of a 3,040-bp StuI-to-MnlI
fragment constituting a portion of pON446 and pON459 from
within the Hindlll J fragment (Fig. 1). With the sequence, we
constructed a detailed restriction map of the left end of the
HindIII J fragment, identified possible transcription signals,
and located three ORFs in this region (Fig. 1). All large (>100
codons) ORFs in this region are oriented in the same, leftward
direction on the viral genome (Fig. 1). The coterminal 3' ends
of the major 1.5-kb and minor 1.8-kb mRNA species and the
281-nucleotide intron spliced out of both transcripts had been
previously mapped (22, 24). The largest ORF within the
transcribed region is 312 aa in size. We used a hydropathy plot
(9) to predict a signal sequence at the amino terminus (aa 1 to
17) and a transmembrane domain at aa 268 to 287 (Fig. 1).
Two putative asparagine (N)-linked glycosylation sites were
present at aa 35 and aa 72 (Fig. 1B). Preliminary data
suggested that at least one site is glycosylated, because treat-
ment of COS-7 cells transfected with pON4014 (the 1.5-kb
cDNA) with N-glycosidase F results in a reduction in the size
of Sggl from 37 kDa to 34 kDa (data not shown). The
predicted ORF is arginine rich (9%) and contains three CXXC
motifs. These characteristics suggest that sggl most likely
encodes a type 1 integral membrane protein and that the
protein may contain a metal binding region.
The start site of the 1.5-kb transcript was determined by S1

nuclease protection with a 228-bp end-labeled EcoRI-ClaI
fragment. A single band of 160 nucleotides was protected,
indicating that the 5' end of the 1.5-kb transcript was 160
nucleotides upstream of a unique EcoRI site in the region (Fig.
2A). Mock-infected cellular RNA did not give a signal in this
region (Fig. 2A and reference 22). Primer extension was used
to locate the start site for the 1.8-kb transcript. A single band
corresponding to the start of the 1.8-kb transcript was located
at the last guanine, CCGCGG (represented by boldface type),
of the SacII site (Fig. 2B). Thus, the 1.8-kb message is
expressed from a promoter positioned approximately 450 bp
upstream of the promoter driving expression of the 1.5-kb
mRNA. The 1.8-kb cDNA recovered from the library is within
30 nucleotides of this predicted start site for the 1.8-kb
transcript. On the basis of the position of the start site, the
1.8-kb transcript appears to use an AATAAA sequence as a
TATA element. This signal could also be a polyadenylation
signal for an upstream gene (47).

corresponding to the start of transcription is indicated by the arrow on
the right. The band is located at the guanine CCGCGG of the SacII
site and is indicated by a boldface letter with an asterisk on the left.
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FIG. 3. RNA blot hybridization analysis of the kinetics of expres-
sion of sggl. RNA was harvested from NIH 3T3 cells at various times
between 2 and 24 hpi. Whole-cell RNA was separated, transferred to
GeneScreen Plus, and hybridized sequentially with two sggl-specific
32P-labeled probes. (A) RNA was probed with a 435-bp StuI-XhoI
probe that spans a region common to both the 1.5- and 1.8-kb
transcripts. 28S rRNA and 18S rRNA are indicated on the left, and the
1.8- and 1.5-kb transcripts are indicated on the right by arrows. (B) The
blot used in panel A was hybridized with a 383-bp SacII-ClaI probe
that was specific for the 1.8-kb transcript. The 1.5-kb transcript is still
visible (although light) after this hybridization because the first probe
is still present. At late time points 20 and 24 hpi, a 4.7-kb band is
observed and may represent background hybridization in the region of
large rRNA. (C) Diagram of probes used in panels A and B. Probe A,
an XhoI-StuI fragment, spans a region common to both the 1.5- and
1.8-kb transcripts. Probe B, a SacII-ClaI fragment is upstream of the
1.5-kb start site.

The 1.8-kb transcript contains an additional 108-aa ORF
located in the region upstream of the 312-aa ORF. Stop
codons are found in all three reading frames in the 98 bp
between the two ORFs. The predicted 108-aa ORF also has a
hydrophobic region, between aa 25 and 45, that is potentially
capable of spanning a membrane (Fig. 1).
The deletion in RQ401 (Fig. 1A) eliminates the putative

polyadenylation signal shared by both transcripts and probably
results in instability of the 1.5- and 1.8-kb mRNAs (24). A large
predicted ORF is positioned upstream of the sggl region
(called HJ4 in reference 47), as depicted in Fig. 1B; however,
transcripts have not been detected in this region (47).

sggl RNA accumulation. We examined steady-state RNA
levels of the 1.5- and 1.8-kb transcripts at various times
postinfection. RNA from K181+-infected NIH 3T3 cells har-
vested between 2 and 24 hpi was quantitated with two sggl-
specific probes, a labeled 435-bp StuI-XhoI fragment that
detects both transcripts and a 383-bp SacII-ClaI fragment that
specifically detects the 1.8-kb transcript (Fig. 3 and reference
22). Both RNAs were expressed at early times (4 hpi), and the
1.5-kb RNA continued to be expressed through late times (24
hpi), although its abundance was reduced. Consistent with
both transcripts being in the class, their expression was
insensitive to the addition of phosphonoformic acid, an inhib-

itor of viral DNA synthesis (data not shown). The two sggl
transcripts show only minor differences in expression kinetics
as shown on a blot with both present (Fig. 3B). Maximal
expression of the major 1.5-kb RNA was seen at 8 to 10 hpi,
while the minor 1.8-kb transcript was expressed maximally at 6
to 8 hpi and was not detectable after 12 hpi. The differences in
levels of RNA expression may reflect the use of different
promoters to direct transcription of these two transcripts.

Analysis of the cDNA library. A cDNA library was prepared
in a simian virus 40-based expression vector with poly(A)-
selected RNA from cells at 8 hpi. The library was screened
with a probe capable of detecting both transcripts (the 592-bp
ClaI fragment) or a probe specific for the 1.8-kb transcript (the
383-bp SacII-ClaI fragment; Fig. 1A).
With the ClaI probe, 87 positive signals from 104 colonies

(-0.9%) were detected. The structures of 12 candidate cDNA
clones were investigated by restriction enzyme analysis. It was
apparent by the fragment size that all 12 corresponded to the
1.5-kb transcript, and 6 in each orientation were obtained. A
partial nucleotide sequence was determined for three of these
cDNAs to verify the 5' and 3' ends. These cDNAs all lacked
between 30 and 40 nucleotides from their 5' ends, and
therefore the 1.5-kb cDNA clone (pON4014) that lacked 30
nucleotides was selected for use in all further experiments. The
structure of this cDNA clone confirmed the removal of one
281-nucleotide intron from the region near the 3' end of the
transcript (24). pON4019, which carries the 1.5-kb cDNA in
reverse orientation, was also isolated. Both of these plasmid
clones include the complete 312-aa ORF. We used a SacIl-
ClaI probe to screen for 1.8-kb cDNAs because this probe
was upstream of the start site for the 1.5-kb transcript and
did not detect any of the more abundant 1.5-kb cDNAs. By
using the SacII-Clal probe, only one 1.8-kb cDNA (pON4015)
was obtained from a screening of 104 colonies (-0.01%). By
restriction enzyme and nucleotide sequence analysis, we deter-
mined that this cDNA was missing 30 nucleotides from its 5'
end, was correctly oriented, and contained both the 108- and
312-aa ORFs. As expected, this cDNA contained the same
splice points and 3' end as the 1.5-kb transcript.

Detection of Sggl. To examine whether RQ401 was deficient
in the expression of any proteins relative to parental wild-type
virus, we used antisera from murine CMV-infected animals.
Immunoprecipitation was used to determine whether there
were differences in the early proteins expressed by K181 + and
RQ401. At 8 hpi, a 37-kDa protein was immunoprecipitated
from K181+-infected cells but was absent in RQ401-infected
or mock-infected NIH 3T3 cells (Fig. 4). Previously, Manning
reported that a 37-kDa protein was missing in RQ401 and
expressed in RQ427 (which had restored the wild-type copy of
sggl) as in parental wild-type virus (22). On the basis of our
sequence predictions, a 37-kDa protein would correspond to
the product of the 312-aa ORF. In addition, there were several
other immunoreactive proteins (78, 70, and 50 kDa) that
appeared to be expressed at reduced levels in the sggl mutant
viruses RQ401 (22) and RM868 (data not shown). The larger
proteins may be the products of other genes that are regulated
by or expressed in association with sggl. Consistent with the
rescue of the growth properties, all of these proteins were
present at the same levels in RQ427. Thus, the 37-kDa protein
is apparently encoded by the sggl gene and is absent in sggl
mutants.

In order to confirm that the 37-kDa protein was the product
of the sggl gene, we introduced the expression clone pON4014
or pON4015 (1.5- and 1.8-kb cDNAs) into COS-7 cells and
employed immunoprecipitation analysis with the mouse anti-
K181+ antiserum. Both constructs expressed abundant levels
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FIG. 4. Immunoprecipitation of the 37-kDa sggl protein with
mouse antisera raised by infection with murine CMV. The left three
lanes show immunoprecipitated proteins from COS-7 cells that were
transiently transfected with expression plasmids, pON4014 or pON4015
or that were mock transfected and then labeled with [35S]methionine
between 32 and 34 h posttransfection. The right three lanes show
proteins immunoprecipitated from NIH 3T3 cells that were infected
with K181+ or RQ401, or mock infected, and labeled from 8 to 10 hpi
with [35S]methionine. Proteins were separated by SDS-PAGE in a 15%
polyacrylamide gel. Molecular weight standards (in thousands) appear
on the left. The position of the 37-kDa protein is indicated (arrow-
heads).

of RNA as detected by RNA blot analysis (data not shown),
and both expressed an immunoreactive 37-kDa protein de-
tected by immunoprecipitation with this antiserum, although
expression was much more abundant when the 1.5-kb cDNA
clone was introduced than when the 1.8-kb cDNA clone was
used (Fig. 4). The presence of the 108-aa ORF upstream of the
312-aa ORF did not completely block expression of the 37-kDa
protein, although we do not know whether this short ORF is
translated from the 1.8-kb transcript. We examined immuno-
precipitates by SDS-polyacrylamide gel electrophoresis (PAGE)
on 20% gels but did not detect any proteins of the size (12
kDa) predicted to correspond to the product of the 108-aa
ORF (data not shown).

Subcellular localization of Sggl. The 312-aa Sggl contains
a short hydrophobic signal sequence, two N-linked glycosyla-
tion sites, and a transmembrane domain, suggesting it might
be a membrane glycoprotein. We used COS-7 cells to examine
the subcellular localization of Sggl. After transfection with
pON4014 (the 1.5-kb cDNA), punctate-to-diffuse cytoplasmic
fluorescence was observed in the COS-7 cells (Fig. 5). Thus,
the cytoplasmic localization of the protein was consistent with
the sequence characteristics of Sggl.
Recombinant virus structure and gene expression. RM868

carries a lacZ-gpt cassette disrupting the 312-aa ORF (47). The
insertion was mapped by restriction enzyme analysis to a NaeI
fragment (Fig. 6A). We determined the nucleotide sequence of
a portion of pON868 to define the site of insertion of the
cassette into sggl. The lacZ-gpt cassette is inserted at a Sau3AI
site following Lys-197 of the sggl ORF (Fig. 1B) and disrupts
Sggl after Pro-199. This insertion interrupts expression of the

FIG. 5. Detection of Sggl expression. COS-7 cells were transiently
transfected with pON4014. After 32 h, cells were fixed, incubated with
anti-RQ401 or anti-K181+ antiserum, and revealed with fluorescein
isothiocyanate goat anti-mouse immunoglobulin G. (A) Anti-RQ401
antiserum, which lacks anti-sggl reactivity, showed only background
fluorescence. (B) Anti-K181+ antiserum showed punctate cytoplasmic
fluorescence.

1.5- and 1.8-kb transcripts (Fig. 6B and reference 47) and
prevents expression of the 37-kDa protein (data not shown).
Growth of sggl mutant viruses at primary sites of infection

and in cultured cells. We have investigated the course of
murine CMV infection in 3-week-old BALB/c mice following
intraperitoneal inoculation of virus. Peak replication in tissues
of the abdomen such as spleen and liver occurs at 3 dpi, while
titers in secondary sites such as the salivary gland do not reach
peak levels until 14 dpi, after a viremia. Therefore, we exam-
ined replication in these tissues at two different time points.
Virus replication in mouse spleen, liver, kidney, and adrenal
gland tissue was examined at 3 dpi and that in the salivary
gland was examined at 15 dpi (Fig. 6C). Mice were inoculated
with 106 PFU of tissue-culture-propagated virus from wild-type
strain K181+ or sggl mutant strain RM868. In the adrenal
gland, RM868 replicated as well as K181+, while titers in liver,
spleen, and kidney tissue were approximately 0.5 to 1 order of
magnitude lower than titers of K181+. Another sggl mutant
virus, RQ401, had titers comparable to those of the wild-type
virus in the liver and exhibited approximately 10-fold lower
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titers in the spleen at 3 dpi (24). In agreement with previous
results from RQ401 (24), titers from salivary glands from
RM868 were 3 to 4 orders of magnitude lower at 15 dpi than
those from K181+-infected mice (Fig. 6C). In cell culture,
RM868 also exhibited growth properties similar to those of the
parental wild-type virus (47). Thus, we confirm that sggl
appears to be dispensable for viral growth in most organs of

HFndlll the infected mouse as well as in cell culture.
Localization of sggl mutant virus in salivary glands. Man-

ning et al. previously reported that an sggl mutant virus was
capable of dissemination via leukocytes even though replica-
tion was depressed in the salivary gland (24). To address the
question of whether an sggl mutant virus was capable of
infecting the same salivary gland epithelial cell type as wild-

RM*68(gttIz-type virus and to investigate the nature of the block to viral
replication in salivary gland, we compared RM868 and
RM461, which is the wild type for sggl. Stoddart et al. (44)
reported that recombinant virus RM461, with an insertion of
lacZ into the HindIlI site between sggl and ie2, had the same
cellular site of replication and tissue distribution as the wild-
type virus. RM868 can be detected in the salivary gland in the
serous acinar epithelial cells by staining for lacZ activity (Fig.
7A), as can RM461, which carried a wild-type sggl gene (Fig.
7B). Thus, sggl-deficient viruses maintain the ability to dissem-
inate and enter the appropriate target cells in the salivary gland
even though they lack the ability to replicate efficiently once
there.
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DISCUSSION

We have characterized a murine CMV f gene, sggl, that is
dispensable for growth in cell culture but dramatically impacts
virus growth in salivary glands. Deletion or insertion mutations
in the sggl gene result in viruses that replicate very poorly in
the salivary gland. In contrast to the specific defect in sggl
mutants, other viral mutants that exhibit decreased growth in
the salivary gland are also very deficient for growth in other
organs such as the liver, spleen, and kidney and peripheral
blood leukocytes (2, 46). Thus, the sggl defect appears to be
specific to virus growth in acinar epithelial cells in the salivary
glands and does not appear to be the result of a general
replication defect.

FIG. 6. Recombinant virus structure, transcription, and phenotype.
(A) Insertion site of RM868 in the HindlIl J fragment. The Hindlll J
fragment is shown with the two sggl transcripts just above on the left.
ClaI, SacII, NaeI, and Stul restriction enzyme sites are noted in the
sggl region (for more detail of the region, see Fig. 1A). The insertion
of the lacZ-gpt cassette (47) is located at the Sau3AI site adjacent to
the StuI site in sggl (also noted in Fig. 1B). The cassette contains lacZ
under control of the 3-actin promoter and gpt under control of the
thymidine kinase (tk) promoter. Simian virus 40 poly(A) (pA) sites on
the cassette are noted. The phenotype of recombinant virus RM868 is
shown to the right of the insertion. (B) RNA blot hybridization analysis
of sggl transcripts. Whole-cell RNA extracted from NIH 3T3 cells
infected 8 h previously with K181+, RM868, or RQ401 virus or
mock-infected was separated, transferred to GeneScreen Plus, and
hybridized with an sggl-specific 32P-labeled EcoRI-HindIII probe. The
probe spans a region common to both transcripts. The blot was
stripped and then hybridized with a 32P-labeled ,B-actin probe as an
internal RNA control. The 1.9-kb ,-actin band detectable in all lanes
is shown below the gel. (C) Characterization of RM868 versus K181+
virus in various tissues. BALB/c mice were infected with 106 PFU of
tissue-culture-propagated RM868 or K181+ virus. The salivary glands
were harvested at 15 dpi. The spleen, adrenal gland, kidney, and liver
were harvested at 3 dpi. Titers are expressed as the geometric mean ±
the standard deviation of the mean of the titer in a 10% tissue sonicate.
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FIG. 7. Salivary gland serous acinar cells infected with RM868 or RM461 recombinant viruses. All salivary glands were harvested and frozen
in liquid N2. Five-micrometer sections were fixed and stained with X-Gal, followed by hematoxylin and eosin. (A) Two distinct cell types are visible
and indicated with labels: the mucous (M) acinar cells, which are larger and vacuolar, and the serous (5) acinar cells, which are smaller and contain
a round darkly staining nucleus. RM868 was seen only in serous acinar cells, as evidenced by 03-galactosidase activity (shown at a X40 magni-
fication) staining an acinus and two individual acinar cells. (B) As a positive control, RM461, a lacZ' sggl + virus is shown at X40 magnification.
Only serous (5) acinar cells are visible in this section. Virus is present in two serous acinar cells, as evidenced by 03-galactosidase activity.

3 proteins of herpesviruses typically have been associated
with viral DNA replication and regulation of gene expression.
The sggl gene is expressed as a 13 gene, suggesting that it
functions at early rather than late times of infection. Sggl has

characteristics of a type 1 membrane glycoprotein, and prelim-
inary analysis has suggested that Sggl is a nonstructural
protein. Although glycoproteins expressed at late times in
herpesvirus infections include those targeted to the viral
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envelope, human CMV also expresses glycoproteins as a and,B
gene products (7, 43) that do not appear to be incorporated
into the envelope.

Comparisons of the Sggl protein sequence to sequences in
GenBank have not revealed any significant homology to other
viral or cellular proteins. Murine and human CMVs have
positional homologs that do not share significant primary
amino acid sequence identity (28, 30, 48). Thus, the putative
glycoproteins that are adjacent to the iel/ie2 locus of human
CMV, such as IRL11, IRL12, or the large number of putative
glycoproteins in the unique short component (3) remain
possible positional homologs.

Other herpesvirus genes, such as herpes simplex virus type 1
ICP34.5, have been identified as playing a cell-specific role in
tropism and virulence (6). Perhaps sggl is unique to murine
CMV and provides some specialized function for growth in
acinar cells of the salivary gland. The localization of human
CMV to ductal cells of the salivary glands suggests that these
viruses differ with respect to tropism for particular subsets of
epithelial cells.
By analyzing cDNAs, we found that both sggl transcripts had

the capacity to express the 37-kDa protein, although expres-

sion from the 1.8-kb cDNA was much lower than that from the
1.5-kb cDNA. The presence of a 108-aa ORF upstream of the
312-aa ORF in the 1.8-kb RNA decreased expression of the
37-kDa protein, as expected from the general rules of transla-
tion (21). Upstream ORFs have been implicated previously in
the temporal regulation of human CMV gene expression (12,
13, 38). The 108-aa ORF has an excellent context AUG
(GGCAUGG) for efficient translation initiation, although we

have not yet detected expression of this protein. Although it
has methionines and should be radiolabeled, this polypeptide
may not be sufficiently immunogenic to be detected by the
antiserum we employed for immunoprecipitation. It is impor-
tant to note that the phenotype of RM868 argues against a role
for the short ORF in the growth defect. In this recombinant
virus, the insertion mutation was introduced downstream of
the 108-aa ORF and thus would be predicted to leave its
expression intact. Thus, we believe that the putative 108-aa
protein does not play a role in the growth deficiency we have
observed with sggl mutants.

Besides Sggl, other early proteins were expressed at reduced
levels in cells that have been infected with an sggl mutant. Two
of these proteins, one with an apparent size of 70 kDa and the
other with a size of 50 kDa, were consistently observed in
different sggl mutants and when different batches of mouse

antiserum were employed (not shown). We do not believe that
either of these represents additional sggl gene products be-
cause their expression was not observed in COS-7 cells trans-
fected with the 1.5- or 1.8-kb cDNA. This result suggests that
these are viral proteins whose expression is influenced by Sggl.
Thus, Sggl may be a regulatory protein that influences the
synthesis or stability of proteins expressed from other viral
genes. In human CMV, at least two ax proteins, US3 and
UL37-38, encode putative glycoproteins with demonstrated
regulatory properties (7). Alternatively, Sggl may form a

multimeric complex with these proteins; thus, the loss of
expression of sggl may reduce the stability of these proteins.
Manning et al. (24) reported that the sggl mutation did not

reduce the level of leukocyte-associated viremia that is respon-
sible for viral dissemination during acute infection. Here, we

extended the analysis of viral dissemination and showed that
an sggl mutant retains the ability to enter serous acinar cells in
the salivary gland. The lacZ reporter gene carried by RM868

has been shown to be expressed as an a gene in mouse

fibroblasts (47). Thus, our results suggest that after entry into

serous acinar cells, sggl mutant viruses can progress through
the earliest stages of the replication cycle. The degree to which
replication is reduced in these cells or whether a particular
stage of the viral replication cycle is blocked remains unknown.

For both murine and human CMV, the salivary gland plays
a central role in the epidemiology as a source of virus spread in
the normal population. Saliva is a site of persistent and
reactivated viral shedding in both host species. The sggl
mutants we have described would be expected to have reduced
titers of virus in the saliva and to have severely reduced
transmission capacity compared with wild-type murine CMV.
While a functional homolog of Sggl may exist in the human
CMV genome, sequence comparisons have not revealed any
significant identity between this protein and any human CMV
(AD169) ORF. It is possible that a homolog to Sggl will
emerge when functional domains are further defined through
mutagenesis. The murine CMV sggl gene was first discovered
as the result of a spontaneous mutation. This suggests that
highly passaged human CMV strains such as AD169, the strain
in which the nucleotide sequence was determined, may carry
deletions that have accumulated as a result of propagation in
cell culture. Understanding the tissue tropism of CMV in
important target organs such as the salivary gland provides
insights into the basis of CMV persistence, transmission, and
disease.
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